This paper aims to answer one main question: can the superior models in accounting field be superior in finance field? That is, can models that generate a better approximation to stock price also generate higher returns in the future? To answer this question, I conduct pricing errors analysis and time-series returns analysis. The most important finding is models that approximate stock price better tend to produce higher returns in the future; implying findings in accounting literature have practical implications to analysts and investors. The consistent rankings of models are observed throughout the research: forward earnings multiples perform the best, followed by fundamental valuation models and historical earnings multiples, and book value and sales multiples worst. However, multiples are ranked rather as a group in the UK. Interestingly, residual income models produce similar returns to forward earnings multiples, but the accuracy of their estimates varies depending on their terminal value assumptions.
Introduction
Estimating the intrinsic value of stocks is one of the most intriguing and important questions in accounting and finance. Many valuation models have been developed to measure the intrinsic price of stocks assuming the stock price will eventually converge to its fundamental value. However, some argue that this effort is pointless because current market price is already the intrinsic price, reflecting all valuable information (Fama (1970) and Firth (1976) ). One thing they all share in common is that the intrinsic value equals the sum of present values of all future payoffs to stockholders, although methodologies and assumptions they employ are not agreed upon.
In accounting literature, it is common to adopt the efficient market hypothesis (EMH) as the starting point, and assume model estimations to be equal to market prices. To measure the usefulness of models, academics compare the model estimation with the market price and observe how close they are: the closer they are, the better the model it is considered. Although not everyone agrees, more and more research reveals that fundamental valuation models, especially residual income model (RIM), produce a closer approximation to the market price than simple price multiples.
In contrast, most of researchers and practitioners in finance believe the market price is biased and will converge to the intrinsic value eventually in the future. They regard a better model as the one that generates more returns to investors in the future, rather than the one that better approximates the market price. Contrary to accounting researchers, analysts and fund managers believe fundamental valuation models are too sensitive to the assumptions they employ. As a result, survey results reveal that practitioners prefer simple price multiples such as price-to-earnings ratio (P/E) or dividend yield (D/Y) to fundamental valuation models because they are easier to use and communicate to their clients. This paper aims to answer one main question: can the superior models in accounting research field be superior in finance field? That is, can models that generate a better approximation to stock price also generate higher returns in the future if they are used? To answer this question, I conduct two different analyses -pricing errors analysis and time-series returns analysis -and compare the performance of models in both analyses. This paper uses a sample of UK firms and compares the results with those for US firms. This is because not many studies have been carried out in the UK compared to the US, where a lot of researches are performed.
For the models selection, I mainly refer to Liu et al. (2002) because: (1) Liu et al. cover most of the valuation models widely used in practice or studied in academic papers under the same methodology. This fact is important because most other papers cover only a subset of models with a different methodology, making direct comparison between them hard; (2) different types of models are tested such as accruals, cash flows, forward-looking information and fundamental valuation models, providing a panoramic view about the performances of various models; (3) instead of comparing models in terms of their explanatory power (i.e., R 2 ) to the stock price, they use pricing errors to evaluate the performance of models. The pricing errors measured in the first stage analysis are used later in the second stage time-series returns analysis in this paper; and (4) Liu et al. compare performances of models in different industries, providing detailed insights to model users in different areas.
To enable the direct comparison between UK and US results, this paper tries to use the same methods that Liu et al. (2002) use. However, I release some criteria to maintain a certain number of samples, given the limited data availability compared to the US. Besides that, this paper makes other differences from Liu et al. (2002) . In the first stage, pricing errors analysis, I did not use the intercept adjusted method. This is because this method produces similar results to those of the no-intercept adjusted method, but in a much difficult way. Considering the perspectives of model users who prefer simple and easy to use method, I only use the no-intercept adjusted method. Instead, this paper employs a regression methodology that is broadly used in practice and academics. In the second stage, time-series returns analysis, I depart from the EMH assumption and measure the annual and cumulative returns of models for up to five years' time horizon (i.e., from T+1 to T+5). Buy-and-hold returns -buying top quintile (undervalued) stocks and short-selling bottom quintile (overvalued) stocks -based on the pricing errors are used to measure the time-series returns. The first stage analysis aims to evaluate the superiority of models in terms of pricing errors that accounting researchers regard as important, and the second stage analysis focuses on the performance of models in terms of returns generation ability that financial practitioners consider important. If the rankings of models between the two analyses are similar, I can conclude that the findings in accounting literature have useful as well as practical implications to model users in finance. This paper finds a number of interesting results that are useful to both accounting and finance researchers: (1) in the pricing errors analysis, the rankings of models between the UK and the US are almost identical: Forward earnings multiples outperform historical earnings multiples, followed by book value multiples, and sales multiples in descending order. However, two distinctive patterns are observed in the UK. Firstly, models are ranked as a group rather than as an individual model, and the differences of pricing errors for multiples within the group are minimal. Secondly, one of the residual income model (RIM) is consistently included in the first group in performance with forward earnings multiples, in contrast to the results in the US where all RIMs underperform forward earnings multiples; (2) despite its popular usage in practice, a regression methodology generates larger pricing errors than those of the harmonic mean methodology; (3) similar to Liu et al. (2002) , the rankings of models are generally consistent across sectors. However, they are again ranked as a group rather than an individual model; and (4) most importantly, the rankings of models in the pricing errors analysis and the timeseries returns analysis are generally identical indicating the findings in accounting literature have useful implications to financial practitioners. Additionally, two interesting results are found from the time-series returns analysis. First, other RIMs, once excluded from the first performance group in the pricing errors analysis, are now included in the group. This implies, on average, RIMs perform similar to forward earnings multiples in terms of returns generation, but the accuracy of their estimations varies depending on the terminal value assumptions they employ. Second, buy-and-hold returns, especially short-selling returns, are largely affected by a relatively few extreme values.
Methodology

Value Drivers
The types of models and methodologies are primarily determined based on Liu et al. (2002) for the direct comparison between UK and US results. However, some models are deleted because of data unavailability in the UK, and some are added, reflecting their popularity in practice. To measure multiples, two simple and popular methods -the harmonic mean method and a regression method -are adopted considering model users' perspectives.
Models are broadly grouped into three categories: price multiples using historical data, price multiples using forecasted data, and fundamental valuation model multiples. For the price multiples using historical data, four value drivers are chosen: book value of equity (BV), actual earnings per share from I/B/E/S (IACT), earnings before interest, taxes, depreciation and amortization (EBITDA), and sales.
Fundamental valuation model multiples include four RIMs and three DDMs with different assumptions. RIM is theoretically the same as DDM given clean surplus accounting 1 . However, RIM is developed to overcome the disadvantages of DDM that (1) dividends are the indicator of value distribution, not value creation, and (2) a large number of companies, especially growth companies, do not actually pay dividends making DDM inappropriate.
DDM explains equity value is the sum of the present values of expected dividends:
where DIVt is forecasted dividend for year t and r is the cost of equity. According to clean surplus accounting, dividend can be expressed as:
where EAt means earnings and BVt means book value for year t.
Substituting (2) into (1),
Equation (3) is RIM estimating stock value as the current book value of equity plus the sum of the present values of abnormal earnings. Gode and Ohlson (2006) argue that the usefulness of RIM varies across sectors depending on how close firm's book value approximates its market value; therefore, RIM is expected to perform well in finance sector where financial instruments are marked to market, whereas it is not in technology sector where intangible assets -off-balance sheet item -account for a large part of market value. This argument will be verified in the sector rankings analysis later in this paper.
Three popular methods for the terminal value calculation are employed in the paper. The first model (P1) forecasts future earnings over the next five years and then assumes abnormal earnings to be maintained constant afterwards:
The second model (P2) covers a five-year forecast horizon similar to P1, but assumes abnormal earnings will be eliminated after the horizon:
1 All changes in equity are reflected in income statement. Exceptions are transactions such as dividends, repurchases or offerings. Thus, year-end book value of equity is the beginning book value of equity plus earnings minus dividends: = −1 + − where BVt is book value, EAt is earnings, and DIVt means dividend for year t.
The third model (P3) covers two-year forecast horizon and then presumes firm's return on equity (ROE) will linearly converge to its sector median ROE in the next nine years, followed by the constant abnormal earnings at that level:
This pattern is proved by the empirical evidences for European firms over time that firm's ROE converges to the median ROE in the next ten years (Palepu et al. (2007) ). P1, P2 and P3 are also mentioned in Liu et al. (2002) , whereas the next models are not. The fourth model (P4) is basically same as P3 but assumes firm's ROE to be linearly converge to the sector median ROE in the next five years:
The pattern of P4 is based on the empirical findings in Nissim and Penman (2001) that earnings measures (e.g., residual earnings, residual operating income, return on common equity, and return on net operating assets) have a tendency to converge to their median value over the next five years.
Three different DDMs are additionally examined in this paper to compare the performances with those of RIMs. Despite their theoretical equivalence, DDM and RIM use different value drivers with different characteristics, so they normally produce inconsistent estimates. The first two DDMs use similar assumptions to P1 and P2 to make direct comparisons between them.
The first DDM (D1) includes a five-year forecast horizon and presumes constant dividend payouts after the horizon:
The second DDM (D2) only uses five years' dividend forecasts with no terminal value:
However, the third model (D3) reflects the unique characteristic of dividends that dividend payoffs are unlikely to decrease, but likely to increase when constant dividend payout ratio is assumed. The survey results in Brav et al. (2004) indicate financial executives are reluctant to change the current dividend payout ratio because increase in dividend payout ratio can be a burden in the future when the firm's performance deteriorates, while decrease in dividend payouts can cause investors' dissatisfaction. Therefore, D3 uses 3.5% constant long-term growth rate in dividends considering historical UK GDP growth rates. Therefore, D3 is expressed as:
+ ( +5 )(1 + 0.035) ( − 0.035)(1 + ) 5 (10)
Pricing Errors Analysis
By definition, the multiple is the price of a single unit of firm's performance. For example, P/BV is the price of a single unit of book values. Therefore, if the volume of firm's performance and its multiple are known, the price of a firm can be estimated by multiplying them. However, because the multiple of a firm is hard to estimate directly, an indirect method that uses the multiple of comparable firms is widely used in practice. This indirect methodology is based on the fundamental economic principle: the law of one price. It states every identical product should have one same price, or arbitrageurs will buy the product in the cheaper market and sell it at the higher price in the different market, eliminating the price difference. The same rule applies to equity valuation: companies with same features should have one identical price. Specifically, if the multiple of a comparable firm is known, it can be used for that of a target firm. This can be expressed as:
where β is the multiple of a comparable firm, xi is the value driver of a firm and εi means the error for firm i.
To select comparable firms to estimate β, three methods are normally used in practice: (1) analysts often choose a small number of, but most similar, comparable firms for each individual case (Goedhart (2005)); (2) firms in the same sector are chosen as comparable firms. This method is most widely used in academic research to estimate the generalised β; and (3) entire firms across sectors are selected as comparable firms. Because the first method is not suitable for the research that aims to draw a generalised conclusion, I employ methods (2) and (3) that are widely used in academic research.
In addition to the selection of comparable firms, there are also a number of measures to calculate β. Baker and Ruback (1999) use four different measurements (i.e., simple mean, harmonic mean, value-weighted mean and simple median), and find the harmonic mean and the simple median produce the smallest errors. However, considering the simple median measure produces the wider dispersion of errors than the harmonic mean does, the harmonic mean measure is considered most reliable. Kim and Ritter (1999) employ a regression measure to estimate β for their IPO valuations. Although all measures are commonly used in practice, I chose the harmonic mean, the median and a regression measure. The harmonic mean and the median are chosen because they produce more accurate estimates than the other measures. Moreover, they are mainly used in Liu et al. (2002) . A regression method is selected because its performances are yet examined in other research. By using the three different measures, this paper expects to check which measure produces the most accurate estimates in the UK.
Harmonic Mean and Simple Median Measures
In the first stage analysis, pricing errors are measured to evaluate the performance of multiples. However, the errors calculated in equation (11) can mislead the conclusion because those errors are measured in value terms, not in percentage terms. In value terms, bigger companies tend to have larger errors than those for smaller companies, making the direct comparison between multiples hard. To estimate the errors in percentage terms, equation (11) are divided by pi in both sides:
where εi/pi is the pricing error in percentage terms. For the direct comparison with Liu et al. (2002) , this paper assumes that expected pricing errors to be zero,
then the multiple β is expressed as the inverse of expected xi/pi:
As explained earlier, β is measured using the harmonic mean of pi/xi and the inverse of the median of xi/pi. After estimating β, pricing error is measured as the gap between the market price and the model estimation divided by the market price:
To evaluate the performances of multiples, this paper primarily uses the interquartile range of pricing errors consistent with Liu et al. (2002) .
A Regression Measure
This paper employs the ordinary least squares (OLS) regression to estimate the linear relationship between the market prices and the value drivers of comparable firms. The OLS regression does not require expected pricing errors to be zero, but it principally calculates a coefficient (i.e., multiple β) that minimises the sum of squared errors. The pricing errors are calculated in the same way as equation (14) to allow direct comparisons between the performances of multiples.
Time-Series Returns Analysis
Time-series returns analysis is a typical methodology used in finance to measure the performance of models or strategies over the time horizon. It estimates the returns that the model would generate if the model strategy were used in the past. A quintile based buy-and-hold strategy is employed to measure the returns consistent with Frankel and Lee (1998): buying top quintile (undervalued) stocks and short-selling bottom quintile (overvalued) stocks based on the pricing errors calculated in the first stage analysis. Both cumulative and annual buy-and-hold returns are estimated across up to five-years' time windows (from T+1 to T+5) based on the findings in Nissim and Penman (2001) that most earnings advantages disappear within the upcoming five years.
Data
Three data sources are used to conduct the research: (1) Compustat Global for accounting information; (2) I/B/E/S for share price, actual EPS, forecasted EPS, and sector classification; and (3) Datastream for 10-year Gilt yields and FTSE 100 index. In contrast to US data where all companies are identified by CUSIP (Committee on Uniform Security Identification Procedures) across different data sources, UK data need an additional effort to match the companies in Compustat Global and I/B/E/S. This is because Compustat Global uses ISIN (International Securities Identifying Number) and SEDOL (Stock Exchange Daily Official List) while I/B/E/S uses CUSIP as a company identification code. To match ISIN (or SEDOL) with CUSIP, the unique six digits consistently observed across the codes are compared (according to the characteristics of the codes). Specifically, the last six digits in CUSIP are the same as the first six digits in SEDOL, and the same as the middle six digits (from 5 th to 10 th ) in ISIN. To ensure the code matching is conducted in a right way, company names (not only current but also historical names) are additionally matched for each case. Finally, 2,531 companies are confirmed as being listed in both Compustat Global and I/B/E/S. The research covers from 1988 to 2008, the full time period available from both Compustat Global and I/B/E/S, to make a general interpretation for UK companies.
Results
Descriptive Statistics
Table II describes the mean, median, standard deviation and nine different percentile values for the multiples. Due to the relative size difference between value drivers, direct comparison between the multiples is not very meaningful. However, interestingly, when the results are compared to those in Liu et al. (2002) , the size of values for multiples are very similar to those in the US implying comparable assumptions and methodologies are employed. Additionally, when the mean and the median are compared within the multiple, the mean is always higher than the median indicating all multiples are skewed to the right. This is probably due to the bounds in multiples: value drivers can go up without limit allowing extremely positive multiples, but cannot go down below zero restricting multiples to stay above zero.
The correlations between multiples are described in Table III . The two interesting findings are: (1) by drawing a vertical line between SALES/TP and EPS1/P, different patterns are clearly observed on each side: the correlations on the left side are considerably low (i.e., mostly smaller than 0.5), whereas those on the right side are significantly high (i.e., mostly larger than 0.5). This implies historical and forecasted data do not share common information to a large extent. More interestingly, multiples using forecasted data, especially earnings forecasts, are highly correlated with each other, but those using historical data are not particularly correlated even between themselves; and (2) models using future dividends (i.e., D*/P and three DDMs) are rarely correlated with any multiples using historical data indicating dividend payout forecasts are less relevant to the firm's historical performances.
Pricing Errors Analysis
Harmonic Mean and Simple Median Measures Table III Correlations between Multiples The pricing errors of multiples using the harmonic mean of firms from the same sector are described in Panel A of Table  IV . As the method implies, the means of pricing errors for all multiples are zero except those for multiples using TP. Generally, rankings and results are consistent across the UK and the US: forward earnings multiples perform the best, followed by fundamental valuation models, placing the multiples using historical data at the end. However, interestingly, multiples are ranked rather as a group than as an individual multiple in the UK. This is graphically described in Figure 1 . EPS2, EG1, EG2, ES1, ES2 and P1 multiples perform the best forming the first group, followed by IACT, EBITDA and D1 multiples, and BV and SALES multiples at the end. The differences between the performances of multiples within the first group are almost negligible. The fact that the P1 multiple is included in the first group is surprising because it is the only fundamental valuation model in the group and its performances in the US are considerably worse than those of other forward earnings multiples. However, UK evidence shows that the P1 multiple consistently performs similar to other multiples in the first group across the research, implying P1 has a considerable amount of useful information about the stock price. Figure 1 describes the distribution of pricing errors for some representative models. As explained above, three different groups are clearly distinguished: Forward earnings multiples including P1 place at the top, followed by IACT, EBITDA and DDM multiples in the middle, and BV and SALES multiples at the bottom. The more peaked distribution the multiple has around the zero pricing error line, the more accurate it is. Horizontal axis represents errors in every 10% scaled by price and vertical axis represents the percentage of observations. It is apparent that less accurate multiples (e.g., BV/P and SALES/P) have a less steep curve and more observations in the extremes compared to P1, EPS2 and ES2. Table II . The more peaked distribution the multiple has around the zero vertical line, the more accurate it is. Horizontal axis represents pricing errors in every 10% scaled by price, and vertical axis represents the percentage of observations.
Among multiples using historical data, earnings multiples perform the best, followed by book value multiple, and sales multiple in descending order, consistent with Liu et al. (2002) . Between earnings multiples, IACT/P that eliminate one-time transitory components outperforms EBITDA/P. Multiples based on enterprise value (i.e., EBITDA/TP and SALES/TP) perform worse than those based on equity value, although enterprise value is theoretically more appropriate for those value drivers.
Panel B of Table IV demonstrates the pricing errors for multiples using the harmonic mean of entire firms. Generally, errors are larger than those reported in Panel A. This is consistent with Alford (1992) and Bhojraj and Lee (2002) that comparable firms selected from the same sector contain better information than those from the cross-section. However, the rankings and patterns are still consistent with those in Panel A, similar to in the US. To be sure, the performances of EPS2, EG1 and EG2 are no longer same because cross-sectional sample is used for the comparable firms in Panel B: EPS2 and EG1 outperform EG2, and the differences between EPS2 and EG1 are negligible. P1 still places in the first group with EPS2, EG1, ES1 and ES2. 2008)). Block (1999) explains the decreasing popularity of D/Y is due to its decreasing accuracy in estimation when the market is growing rapidly; and (2) when the market is overheated, the accuracy of valuation models decrease sharply. Specifically, the interquartile ranges increase significantly across multiples just before the dot.com boom in 2000, followed by a sharp drop when the boom ended. This pattern is consistent with the findings in Trueman et al. (2000) that traditional valuation models do not work appropriately during the market bubble period.
A Regression Measure
This paper employs a regression methodology whose performances are rarely tested in accounting literature despite its popular usage in practice. The results for multiples using a regression measure are reported in Table V : the overall rankings and patterns are consistent with those reported in Table IV , although there are some differences between them.
Comparing the interquartile ranges in Panel A and B of Table V, I discover some different trends from those observed in Table IV . The interquartile ranges of multiples based on the same sector firms are not always smaller than those of multiples based on the entire firms. This is evident especially for the multiples using historical values. In addition, SALES/P outperforms BV/P in Panel B, and EBITDA/P outperforms IACT/P. Despite these conflicting facts with those observed in Table IV , I still believe these adverse patterns are not significant because the standard deviations of them still follow the consistent trend for most multiples.
Another interesting result from Table V is the rankings of RIMs are different between Panel A and B. Panel A displays the same ranking as that observed in Table IV: P1 performs the best, followed by P3, P2, and P4 in decreasing order. However, the ranking in Panel B is P1, P3, P4, and P2 in descending order, changing the position between P4 and P2. These conflicting rankings show that the appropriateness of terminal values is dependent on circumstances such as methodologies or underlying assumptions, confirming the inference I drew previously.
Overall, multiples using a regression have larger pricing errors than those for multiples using the harmonic mean. Therefore, results in Panel A of Table IV , that have smallest pricing errors, are used for the sector rankings analysis and the timeseries returns analysis.
Time-Series Returns Analysis
The The summary of buy-and-hold returns is reported in Table VII and the detailed data are contained in appendix B. The most important and surprising result is the rankings of multiples between the pricing errors analysis and the time-series returns analysis are significantly consistent: Forward earnings multiples (including RIMs) performs the best, followed by IACT/P, EBITDA/P and dividend models, placing BV/P third and SALES/P last. However, one interesting finding is that P2, P3 and P4 perform similar to P1 or other forward earnings multiples in the time-series returns analysis, contrary to the results in the pricing errors analysis. This indicates RIM delivers similar performance to that of forward earnings multiples in terms of returns generation, but its accuracy varies depending on its terminal value assumptions. Cumulative  T+1  T+2  T+3  T+4  T+5  T+1  T+2  T+3  T+4  T+5  BV Cumulative  T+1  T+2  T+3  T+4  T+5  T+1  T+2  T+3  T+4  T+5  BV 
Conclusions
The research is motivated by the conflicting preferences for equity valuation models in accounting and finance field. It aims to answer one main question: can the superior models in accounting field be superior in finance field? This means whether the rankings of models in pricing errors terms are consistent with those in time-series returns terms. To match the rankings of models in two different terms, I conduct two different analyses -pricing errors analysis and time-series returns analysis -for various multiples.
The most important finding in this paper is the rankings of multiples in both analyses are significantly consistent: Forward earnings multiples including P1/P performs the best, followed by historical earnings multiples, and DDMs for the third, leaving BV/P and SALES/P at the end. The consistent rankings indicate that the findings in accounting research have practical implications to analysts and investors. One exception is the rankings of the other RIMs (i.e., P2, P3 and P4): they perform considerably worse than P1 in the pricing errors analysis, however, their performances are similar to P1 or other forward earnings multiples in the time-series returns analysis. This implies residual income model produces similar performance to that of forward earnings multiples in terms of returns generation, but its accuracy varies depending on its terminal value assumptions.The main difference between the UK and the US in pricing errors analysis is the rankings of multiples are rather grouped than separated individually, even though overall rankings of individual multiples are consistent. This pattern is observed throughout the research for UK firms. In the sector rankings analysis, I find the consistent rankings that forward earnings multiples including P1 dominate the top four places across sectors. However, the specific rankings between those models within the group change depending on sectors so it is hard to say which one is the best.
In the time-series returns analysis, two interesting findings are observed: (1) short-selling strategy tends to rely on a relatively small number of extreme returns, resulting in positive mean returns between 5% and 13% per annum and negative median returns between -0.6% and -6.5%. This indicates more than half of short-selling investments actually generate negative returns so it might be more profitable in general if the strategy is not used; and (2) buy-and-hold returns tend to generate the most reliable annual returns between T+2 and T+4. This time period is exactly identical with the period that value investment strategy produces its highest annual returns, contrary to momentum strategy that generates its highest returns within one year. This corresponding period is reasonable because buy-and-hold strategy is basically the same as value investment strategy. This paper is unable to answer what are the main factors that improve or deteriorate the performances of residual income models. I leave the answer to this question to future research.
